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GEOMETRY REPORT 2003 

Introduction 

Digital Globe provides for general use 2.4 m multi- 

spectral and 0.7 m panchromatic imagery acquired by the 

Quickbird satellite. This geometrically corrected imagery 

was obtained as ‘standard’ and ‘orthorectified‘ products; 

the difference between the two products is primarily in the 

degree of geometric accuracy that Digital Globe claims. For 

both products, every image pixel contains estimated sets of 

Northing/Easting and lat/long coordinates accessible 

through an image display application such as ENVI. Ground 

processing was performed by Digital Globe using the ADP 2.1 

version of their system. 

Analysis conducted at South Dakota State University 

attempted to verify the geometric accuracy of standard and 

orthorectified Quickbird imagery to determine if 

specifications for the NASA Science Data Purchase (SDP) 

were met. These specifications are in Table 1 of Appendix 1. 

In this analysis, we had approximately 90 Ground Control 

Points (varies depending on scene size on each date), 

uniformly distributed over the Brookings, SD, area, from 4 

Quickbird scenes acquired August 23, September 15, and 

October 21 of 2003. The satellite elevation angles on these 
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dates are shown in Table 2 of Appendix 1. The northing and 

easting coordinates for these features were then compared 

to northing and easting coordinates for the same features 

from GPS measurements acquired by the Stennis GRIT team 

during June 2000 and September 2002. The mean Northing and 

Easting errors (difference between the image coordinates 

and the corresponding GPS measured coordinates), their 

standard deviations, and RMSE were estimated. Digital Globe 

provided Quickbird terrain corrected imagery through the 

SDP for analysis. This report discusses the procedures used 

for this analysis, and presents the results that were 

obtained in 2003. 

Procedure 

1. Ninety ground control points were selected in the 

Brookings, SD, region. Points chosen were clear and 

observable in all seasons, easy to access and were 

uniformly distributed. 

2. Latitudes and longitudes were accurately measured for 

selected points using GPS instrumentation on the 

ground. 

3. Position information from the Quickbird images was 

obtained by three induvuduals. 
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4.Mean error, STD, RMSE and 90% circular error were 

calculated. 

As mentioned in the Introduction, the Stennis GRIT team 

came to the Brookings, SD area in June 2000 and again in 

September 2002 to obtain GPS measurements of various 

features. The selected features needed to be clearly 

visible in both the panchromatic and multispectral imagery 

and easily accessible on the ground. The GPS instrument 

accuracy was better than 5cm. Suitable candidates for 

selection included road intersections, centers of driveways, 

and corners of parking lots. Measurements to centimeter 

precision were obtained for the selected features by a 

portable GPS unit that relied on triangulation with two 

ground reference units to provide localization; one 

reference unit was stationed at the Brookings airport (NGS 

PID PR1201),  while the other was stationed along the east 

side of the northbound lane of Interstate 2 9  (PID PR 1044), 

about one mile north of Brookings. Figure 1 shows the 

locations of both the selected features (yellow boxes), and 

the ground reference points (red boxes). 
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Fig. 1 Brookings, SD Test Site 

GCP Locations Base  Stations 

The panchromatic and multi-spectral scenes were examined to 

locate the selected features to sub-pixel accuracy. For 

the 2003 test scenes, the missing feature identity numbers 

in the spreadsheets (Appendix 3) implies that the 
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corresponding features were either not visible in the 

imagery or were cropped due to image size restrictions, and 

hence were not included in the analysis. For all features 

that were visible, the Northing and Easting coordinates 

were recorded. 

The image-based Northing and Easting coordinates were then 

compared with the corresponding GPS-measured coordinates by 

calculating the mean error, standard deviation, and RMSE. 

All calculations were performed in Microsoft Excel 

spreadsheets. 

CE-90 was estimated using the empirical approach. That is, 

the smallest diameter circle that enclosed 90% of the GCP 

errors was determined. This diameter is then the CE90 

estimate. 

Figure 2 shows a sample Quickbird image acquired 

on September 15, 2003. Figure 2 a l s o  illustrates the steps 

followed to acquire the image-based GPS coordinates of 

Point 33. 
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Sample Quickbird Image of Brookings, SD Test Site on September 15 
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Results and Analysis 

Results of the 2003 Quickbird geometry analysis are shown 

in Table 1 and Appendix 2. Table 1 indicates summary 

statistics for each scene including both mean northing and 

easting errors, northing and easting RMSE, total RMSE (the 

orthogonal sum of northing and easting RMSE), and estimated 

CE90. Appendix 2 contains plots of the positional error 

for each GCP and each data collect. Superimposed on these 

plots is the estimated CE90 circle. A l s o  included in 

Appendix 2 are vector plots. These plots show the 

magnitude and direction at each GCP location and are useful 

for identifying secondary error effects. 

Important results are listed in bulleted form below. 

All three Standard imagery products and the 

orthorectified product met the specifications of 23m 

and 12.7m CE90 respectively. 

(Note: CE90 was based on the radius of the circle in 

the scatter plots of Appendix 2.) 

The RMSE varied from 16.6 to 11.5 meters for the 

standard product while the orthorectified product 

exhibited an RMSE of 5.9m. 

There is an overall bias towards the north and east on 

all images. 
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Most of the pointing errors were due to bias in the 

easting and, to a lesser extent, northing coordinates. 

The Orthorectified product a CE90 = 8.0 m in the 

panchromatic band mainly due to easting errors. 

0 Little difference in geometric error exists between 

the panchromatic and multispectral bands. 
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BROOKINGS SUMMER 2003 QUICKBIRD GEOMETRIC 

RESULTS 

Table 1. Results of Quickbird geometric analysis in 2003. 
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Comparison of 2002 and 2003 Results 

0 The accuracy of the orthorectified product improved 

from a CE90 of 7.97 meters in 2003 compared to CE90 of 

2.7 meters in 2002. 

0 Geometry accuracy of standard products improved in 

2003 (18.8m average) when compared to 2002 (14.6m 

average). 

0 If the August 8, 2002 date is not included, then the 

average CE90 for 2002 increases substantially to 22.6m. 

Based on the rest of the standard 2002 collections, it 

would appear that the accuracy obtained on August 8 is 

atypical. 

Table 4.19 Comparison of 2002 and 2003 Pan Band Results 

Date Product Spec. CE90 
Type 

6/27/2002 Standard 2 3m 22.80m 

7/20/2002 Standard 2 3m 24. OOm 

8/ 7/2002 Standard 2 3m 15.97m 

8/25/2002 Standard 2 3m 3.34m 

9/7/2002 Standard 2 3m 27.80m 

9/7/2002 Orthorectified 12.7m 2.79m 

2 3m I 12.67m 

8/23/2003 Orthorectified 12.7m 7.97m 

9/15/2003 Standard 2 3m 17.40m 

10/21/2003 Standard 2 3m 13.62m 
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These results indicate that the pointing ability of 

Quickbird improved significantly from 2002 to 2003. 

11 



Appendix List 

Appendix 1. Satellite Elevation Angles 
and SDP Specifications 

Appendix 2. QUICICBIRD CE90 Plots and 

Vector Error Plots 
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Appendix 1 

Table 1. QUICKBIRD Product Specifications in 2003 

Date Product Type Order ADP Circular Error 90 Pan 

Specification Observed 
number version Band (Meters) 

8/23/2003 Standard 37889 2.0 23 meters 12.67meters 
911 512003 Standard 37896 2.0 23 meters 17.34 meters 
10/21/2003 Standard 37897 2.0 23 meters 13.62 meten 
8/23/2003 Orthorectified 38335 2.0 12.7 meters 7.97meters 

Table 2. Quickbird Elevation Angles in 2003 

Azimuth Elevation 

(degrees) 

08-23-2003 148.3 
09-15-2003 285.3 
10-2 1-2003 279.5 
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Appendix 2 
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Quickbird Sept 15,2003 Pan B W  CE90% Plot (CE90%=17.4 m) 
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Quickbird Sept 15,2003 Multispectral Band CEQO% Plot (CEQOYs17.37 m) 
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Oct 21,2003 Quickbird Panchromatic Band(CE90%=13.62) 
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Aug 23,2003 Quickbid Pan band (Orthoredfied Product CE90%=7.97m) 
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1 o . m  
1.8142 

10.9213 
6.8557 

8.MB 7.3392 

33 



1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
zo 
23 
24 
25 
26 
23 
3 
31 
Y 
35 
37 
38 
3.3 
41 
42 
44 
6 
ae 
50 
54 
51 
63 
64 
e6 
67 
69 

Sept 15,2003(Quickbird-Full Scene) Pan band 

89500 
9537[1 
9 2740 
8.Wo 
e m  
8Em 

1013560 
9 310 

9oTm 
8 15Jo 
8 r n  
9 1m 
856m 
84Em 
9 1 m  
Sum, 
9 1850 
6 7410 
9903 
8.663 

9.SUl 
92110 
78760 
79L90 
92oyI 
9- 
883m 

10 41Bl 
10 3500 
B u m  
3 3710 
95260 

a.92CJo 

a m  

a42a 

an70 

9 mi0 

8.m 
1.1164 

80 lm5' 
9OE-u' 
86w1 '  

75 5609' 
74 8817' 

74 5114. 
71 6732: 

io1 1231 

70 9111 
82 3919' 
664711' 
64 5130' 
83 6493' 
732136' 

83 9372' 
88 816' 
84 342' 
7 6 m l '  
330694' 
75 0176: 
75 9861 
906p)' 
94 616' 
62 0314' 
63 1866' 
Ed 7136' 
86 5458' 
779689' 

io8 4722' 
1w 1215' 
70 5600' 
11 3636' 
90 7447' 
ME65bC 
79.8566' 

88 lag; 

71 4952' 

8.935 

DE' 

13 4370 
13 5840 
12 8500 
14 Moo 
14 1880 
14 
14 3lQ) 
13 3620 
14 J890 
14 9450 
13 8540 
14 9ufl 
14 3430 
14 Urn 
14 5330 
14 2180 
14 1790 
14 o600 
14 0560 

13 Bm 
1 2 m  
13 4!ZO 
14 €810 
12 m 
13 5400 
13 9460 
14 algl 
14 881[1 
12 8980 
13 2960 
13 sga) 
12 el3l 
9 a20 

15 OBa 
13 1260 
14.1- 

13 n i o  

13.7732 
1 .I040 

180 55J) 16 1440 
104 5251 16 5976 
1 m . m  I5 6853 
I97 5149 16 5M7 
218 €4349 17 lfJ3 
210 1920 16 8732 
m m  16 6Ja 
im ur) 16 7231 
mom 17 1624 
2233530 17.1547 
1% 93-33 16562B 
222 2485 169918 
2115 7216 16 4.W 
IIB 5136 17 0928 
211 2081 1 6 s  
232 1515 165574 
moue 16- 
197 6836 169167 
197 5711 16 7'E@ 
189 MM 16.3109 
191 2689 171IEz) 
1 6  8181 14 8636 
182a341 16 OQD 
215.8256 17 5094 
185 3324 16.1219 
183 3316 15.6641 
194 4909 16.R523 
201 7820 16 9262 
221.4739 17.!j!jC6 
161 2 3 2  15 4664 
1.rS.e 16-0!% 
187 58M 17.1689 
1S.8356 151488 
81 2161 9.6218 
mum 17 8593 
1 R B l 9  16 U297 
201 41i9 16.mFl 

1 6 . W  
1.3175 

13.8147 16.44% 

2 . m  
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* 
POINT 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
a, 
23 
24 
25 
26 
29 
3l 
31 
3.1 
35 
37 
33 
39 
41 
42 
44 
Q 
e 
50 
54 
n 
63 
64 
65 
67 
89 

Sept 15, 2003(QuickbirdlFull Scene) Multispectral bands 

m.8- 1 9 0 8 9 4 S W 1 ~ l  
Q4fm.8 80mllrJlD 674v23.m 
673sR 491365(w40 67337ECil 

6730704 aSlXtl7- 67918oHYo 
6731184 49XS9D920 67313337880 
6752064 49138906320 6752184w 
6773688 4913m30660 677331140 
6762984 49124230560 67E312W 
674704E 491111317910 674719lfal 

673104 491ooo70220 673118W 
6763152 4910586.6770 m63296540 
6782184 410568353l 6782939080 

W941840 4WBiQ6320 67W45b3l 
6779544 ~ 1 1 4 Q I  67797124m 
6766632 490927336m 5m678Pa 

6757824 1907i915660 6757947790 

677241 6m)- 4so1292.m- W r r S O  
6754056 -5410 675421 1710 
-6 4KWB.lmO 

am 4909.(316850 u s m 6 i m  

6767136- -4070 676727m 

675163 2 2Fa- 6761752181 
676624 emwm 6m538.m 

am8 m i m i m ,  
w a y 6 4  4 3 ~ ~ 3 ~ 8 7 ~ 1  

6719584 BMBaDm 

6731736 4907189749l 
678216 -a)r10 
676404 8086a)m 
673272 49lB73- 

674740m &CS24 615 
6781104) 290415515 
67472880 49091238 
w12914) m E m 7 7 1  
67mm 4913683126 
67471920 443994.4231 
67m.mm 4912511925 

m18910 

w 3 i m  im 

m 7 . m  
6745a35100 

m m  
676417681D 
673181 8980 
6 7 4 m  49i 
678123 4% 
674742 033 
677ZUl.612 
674672.483 
674732 3Z 
676314.932 

ann 
6.m 

126310 
9.2740 
74540 
8.6820 
7.m 
7.ml 
7 . m  
8 7910 
5 a  
72770 
7553 
E r n  
7.9i€u 
6 . 1 a  
84150 
6.m 
Elm 
9.7850 
8.1410 
9Jm 
7.- 

7.m 
72270 
6.0763 
7.3493 
68010 
7 9 m  
7 . m  

1o.m 
loam 
0.3710 
7 laa, 
5.OX 0 
832a 

a.ii1o 

12 m a  

4 2 m '  
157 1764' 
86 m71. 
%!Ei21. 
755504' 
552346' 
61 8740' 
497671. 
77 2817' 
293981' 
529567' 
n 0478. 

63 1389' 
37%' 

45 7652' 

95 7462' 
66 2799' 
865468' 
556964' 
65w' 
999981' 
536949. 
36 9178' 
54m. 
462944' 
562950' 
58 2189' 

164 2242' 
107 1225' 
lMO4CU' 
0 1376. 

E o m  
693x6' 

M 513l' 

71 99S2' 

67 3553' 

507799; 

PI 

14 a370 
14 7@40 
15 6600 
10 4540 
15 3880 
1213980 
143l40 
13 9620 
14 3890 
14 34% 
14 4540 
15 5080 
16 1UO 
16 Wl 
15 1330 
166180 
12 3790 
13 46m 
134560 
155710 
13 2300 
12 ma0 
14 @XI 
134910 
11 0570 
14 1- 
145160 
14 2a50 
136810 
12 6980 
14 49Bo 
13 0960 
13 2mo 
7 2 2 0  

15 ti8p 
13 1260 
14 1920 

DP 

lm 0374 
218867 
244 92X 

2367905 
146 3616 
2MBm 
194 9374 

2Mm 

240 4531 
mss) 
a835896 
2am 
276 1579 
153 2596 
181 1716 
181 0639 
242 1860 
175 m29 
14.58781 
215 8M9 
182m71 
122 2512 
199 9396 
21 1 _Sl 
201 m 
167 1971 
161 2392 
z y  1310 
171 5052 
174 3l92 
52 0129 
245 985 
172.2919 
201 4129 

io9 am 

a17 om 
ax a m  

7.8082 
2.0510 

8.0861 

13.8868 
1 .Wl 

14.- 

ImOR I* 
15 493l 
19 3841 
18 1915 
12 8333 
17 6732 
14 19% 
16329 
156437 
168619 
15 3355 
16 1@!i 
17 24!% 
IfLOJle 

16 3387 
18 b689 
141069 
157647 
16 696 
17yDB 
16 1734 
14 1977 
16 7851 
15.5437 
132693 
163902 

i e  6105 

162971 
15.794 
15 Bw2 
14.8141 
1934e3 
16.6921 
16 6841 
7.2215 

17.Pg) 
14.0464 
16.4535 

16.01 63 
2.1645 

16.1580 
4 . m  
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September 15, 2003(Quickbird=Full Scene) Pan band 
R.vi 

POlHl 

1 
2 
4 
6 
6 
9 
10 
14 
15 

19 
20 
23 
24 
25 
26 
23 
J) 
31 
34 
35 
37 
38 
39 
41 
42 
44 
46 
48 
50 
54 
57 
63 
64 
65 
67 
69 

i a  

HTHG(m) ESTG(m) 

448515.95 673793.45 
443766236 67490995 
491364420 -6 
491;Eoo910 6730668 
490645085 6731196 
4913680% 6752055 
491369410 6773687 
491241250 6762986 
491109510 6747046 
4909998.45 mi007 
m x w i o  6 m i 5 a  
491055950 6782789 
4939.24570 67942020 
4911966210 677957 
49092643 6766644 

490728197 67578069 
4%7%8m 6767136 

4437383.6300 677240.5100 
4906312146 6754ce09 
490574811 67383326 
490373180 675161 
)903(5820 6765256 
490481060 671857.8 

490535040 67454743 
490716105 6731739 
441839610 6782166 
490867117 6764U.34 

490851045 67474815 

m a m  6752784 

mumm 6 ~ ~ 5 2  

e r n  6732722 

44)404620 miiom 
49091 14.80 674728 m 

493337m 67471880 
a i m m  w m i m  

490564140 67728720 
4913674 05 6 7 a  15 

GPS N (m) GPS E (4 

4908524.9500 
4907671 7370 
4913654 0740 
491lQ17 8510 
4908999Ogdo 
4913890 MaD 
4913703.0880 
4912423 0560 
491 1104 7910 
4 9 1 o o o 7 . ~  
491m.m 
491- 3530 
4w32536320 
-71 1460 
45u32733800 
4909431 6890 
4907291 5Fi80 
.C9076w4070 
4901392.9850 
4906530.5410 
4!XmB 1 m  
49ct3740a630 

4miRB.5200 

49053588760 
m 1 8 9  74% 
49084062aaO 

4903467 3170 

4904100 im 

673flE.m 
674923.5840 
673581.m 
67308oSNl 
673133.7880 
675218.4980 
677383.1140 
676312.m 
674719.1890 
6731 18.3450 
6763296540 
6782939080 
679434543) 
677971 24m 
w e 3 3 3 0  
67992 6180 
675794 7790 
67mm 
617256.m 
675421 .I710 
67386.8300 
675175.2780 
67€63669ao 
677871 .a910 
67B9B78570 
67m.5rwo 
673188.1460 
67823om 

a908680J130 6764176BM 
4433973m 6732848980 
4908521615 674762496 

4904055 15 waizim 
miaa 674742003 

4XEElI771 677301 612 
4913683126 674672483 
4909944201 674732366 
4912541 525 676314932 

D11(m) 

9.mxl 
93770 
9 8740 
8 7540 

96820 
89660 

10 m 
9 6810 

97770 

79510 
90460 
90611) 
86850 
9 m  
9470 
9.m 

9 m  

9 1170 
9.9200 

10 1270 
8 4780 
86890 
9 loll0 
9 1330 

10 m 
11 la 

9 . m  
9 3710 
90780 
7 a10 
9 1250 

am 

am 

am 

9 mi0 

am 

am 

9 . m  
0.7346 

& DE(m) 

e 1 . m ;  i~.3870 

97.4959' 18.05oO 
87.9281 1 3 . W  

76.6325' 14.0540 
67.9X6: 14.1880 
93.7411 12.9980 

111.4291 13.1620 
93.9155' 14.5890 
73.4792' 17.6450 
95.5897' 13.8540 
78.3756' 15.0080 
62.9166: 14.343 
81.8331 14.2Ua 
82.0636' 13.930 

92.0640' 14.0890 

80.3892: 14.4140 

75.4292' 14.2180 

88.4916' 13.4600 
87.5160' 14.488) 
82.m6' 13.0810 
~ . m '  13.900 
71.6n4' 14.2703 
83.1197' 13.0920 
98."oE;": 14.0910 

1u2.5961 1 2 . m  
71.8426' i 3 . i i m  
75.6726' 14.2460 
82.8828' 13.6050 
03.4117r 14.2820 

104.E629' 12.4980 
124.6572' 14.3480 

81.mxl' 14.0030 
87.8156' 14.4120 
82.3738' 14.3330 
51.8544' 13.5260 
83.2656' 13.9920 

80. im'  13.4960 

1 4 . W  
1.0717 

De ERROR@) 

179.211a 16.1311 15.32341597 
1858860 165473 1561136368 
JL5KI.25 205742 15 92410506 
1975149 165574 15 95368776 
2012993 16- 16 13108084 
1889480 162077 16 15094127 
2077634 169751 16 1-2 
1893926 173442 16 20188731 
2128389 175144 16.2097433 
311.3460 19.6170 16.37KW29 
1919333 16IK65 1639018831 
2252401 174246 16.- 
2057216 163902 16 421442862 
2027776 16.8703 16 54732864 
1941285 166156 1655739811 
2021515 166808 16 5977UQ3 
1534999 170459 16 613233 
181 1716 16 4214 16 M5Bu399 
2098442 17.2441 16.EU75.475 
171 1126 159241 16 89194767 
1641449 168524 16 m454097 
238613 165977 16 852- 
1714035 159537 16 87U32W 

16.E15249872 198.5663 172326 
1601996 162097 16 9569045 

2029485 166919 16 
1850960 163701 1704993635 
2397% 169525 17 19073544 

17 23a60517 1562m3 161509 
2C!5.m 181787 17 24413584 
1821420 161940 17 3442146 
196.0840 16.6158 17.42457096 
2077057 171907 17 51- 
2054349 169649 18 1786947 
1829527 153234 19 61896228 
1957761 167045 20 57421629 

Em CoW96 asc order 

171 8721 156114 __ E +?E* 

1 6 . W  
0.- 

9 . m  14.1259 168730 

2.1762 
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September 15, 2003(Quickbird-Full Scene) Multispecttal bands 
Rari 
Porn 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
20 
23 
24 
25 
26 
29 
30 
31 
34 
35 
37 
38 
39 
41 
42 
44 
46 
48 
50 
54 
57 
63 
64 
€6 
67 
69 

NfHG 0 
aoim m 
4907861 94 
4 9 1 s  40 
4912009 92 
4908951 36 
4913681 76 

4912413 a0 

49099FB40 
4910587 20 

a90924520 

4913684 m 

4 9 t i m m  

~~ i (1599 m 

-m 
49o9264m 
m e m m  
490728240 
w m a  

4907mamO 
441632280 
4W40aD 
a m m m  
4m4e3m 
4904812 m 

4907161 m 

4906671 eo 

49o409040 
1905349.6u 

490839620 

49[3396340 
4908510 40 
4904047 a0 
490811627 
4905641 87 
491367493 
491)9936aD 
491- 07 

MEA# ERROR (m) 
STD. DEV 

E=G 0 

67579349 
67491 1.2 
6735894 

67m.08 
6731196 
675105.68 
677369 

6762988 
674m 2 
673101 2 
676315 2 
6782196 

6779576 
676653.2 
675279 2 
67m 

676713.2 
677241 8000 

673833.8 
675162 8 
6765258 
m 2  
6789742 4904lWl270 m e n 0  
674547.6 49116358.8760 674560.54a3 

6762162 4908405a)40 67823Oa150 
676404.6 a906680333 6764176820 
6732732 49039732300 673284.6880 

678112.W 4904055 15 678123.496 
67472B53 49091238 674742m3 
-47 4905650771 677301 612 
67465787 4913683126 674672483 
67471947 4909944201 674732326 
676301.33 4912541.925 676314.992 

6794p.m 

-- --_I 

WeJ.2- 

m i 7 4  490711~7m m i m . i a  

67474am 4908521615 674762496 

GPSM(m) M E W  

4!m5249500 6738068370 
m1m 67m5Bu1 
6136540740 673i876sm 
49120178540 673080.8540 
4 m 9 5 9 m l  6731337880 
4913690.6320 6752184980 
49go3c@io 8773831140 
49124230560 6763123620 
4911104 7910 674719 1890 
491mmrO 6731183150 
491a5968710 6763296640 
49105683530 6782939080 
4W!rE36J20 67943454Jl 
49[196711480 6779712400 
4909273.xf.m 676678.3330 
~ ~ ~ i t i e 5 0  m m 6 i m  
4907291.W 675194.7790 
4907607.4070 6jy27m 
49ons2.9@ 6f7256.m 
49U5J30.5440 675421.1710 
4435758.1030 673846.6300 
49CW40.a6J1 675175.m 

490482OsLm 677871.8910 
49a34673170 ~EESMKU 

M 

89Sm 
97970 
8 6740 
7.9340 
7 7 m  
88120 
82880 
98560 
8 7910 
7621[3 
9 6770 
85530 
84320 
9 1460 
93600 
86650 
9 1650 
SUI70 
87850 
7 9410 
9smO 
94630 

85200 
97270 
9 2760 
8 7490 
9OMO 
- e m  

98300 
11 2150 
79500 
7 5 p )  
8 9010 
8 198D 

88550 

8 3170 

9 m i 0  

6.8899 
0.7582 

Dlf DEW) D e  ERRoR(m) En CE!3O%ascorder 

m im' 
96 9812' 
75 2383' 
62w' 
597638' 

m m '  
97 14w' 
77 2017' 
580949' 
936443' 
73 1538' 

836493' 
876096' 
75 4292' 
839372' 
81 1 m '  
77 1762' 
630595' 
980894' 
89w' 
69 1725' 
729904' 

860142' 
765450' 

72 3010' 

125 m 
632025' 
56m' 
797278' 

81 oim' 

78 7124' 

71 0986' 

94 6145' 

81 0723' 

96m; 

67 1744' 

78 41 10' 

13 3470 
12 J140 
18 m 
14 7740 
14 1880 

14 1140 
13 56ao 
14 9890 
17 1490 
14 4540 
14 3080 
13 943l 
13 Mm 
15 133 

14 7790 
13 s6m 
13 2560 
12 9710 
13 m00 
12 4760 
12 8920 
12 6910 
13 6610 
12 9400 
14 1480 
14 m50 
13 oea3 
11 49m 
13 6960 
11 4960 
13 4 7 3  
l b  1420 
146130 
12 8560 
13 662l 

12 elm 

13 4180 

13.7754 
1.2873 

178 1424 
153 3635 
3330625 
218 2711 

164.JHl 
199 m 
183 9270 
224 6ml 
293 %lo 
208 9181 
204 7189 
194 4072 
186 M96 
229 m77 

216 4188 
192 0996 
175 7215 

169 7m 
155 7aE 
186 2037 
161 0615 
186 5126 
167 4436 
200 1 m  
196 1400 
171 1387 
132 2040 
187 58M 
132 1580 
181 5217 
1999962 
213 5398 
165 2767 
186 m 

mi im 

im 0427 

1m 2468 

16 Om, 
15 7907 
202065 
16.7686 
16 1581 
15.5889 
16 35l 
16 7651 
17 J168 
18 7629 
17 3943 
16 66% 
16 2944 
16 4225 
17 7937 
15 9835 
17 3901 
16 5295 
15 9028 
15 2088 
16 3661 
15 &Bl 
15 34aD 
15 2857 
16 7668 
15.9213 
16 6329 
16 6497 

15 1272 

13 9771 
15 4345 

16 7545 
15 6938 
16.BX 

lsw- - 

17 m i9  

167100 

16.4146 
1 .ow 

13 9771 
15 1272 
15 aoBe 
15.2857 
15 3420 
15.4345 
15 58EL9 
15.6026 
15 6604 
15 8938 
15 7907 
15 9oaB 
15 9213 
15 9635 
16.om) 
16 1+l 
16.2807 
16 
16.3964 
16.3861 
16.4225 
16 5295 
1 6 . m  
16 6497 
16 8895 

16 754s 
16 7651 

16.7696 
17.3788 
17.3901 
17.3343 
17.M 
17 7937 
18 7629 
20.m 

- _ _  

16.7100 

1fj27Sse 

8.9013 138338 16.4m 
2.5024 

37 



Tim 
POINT 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
20 
23 
24 
25 
26 
29 
3 
31 
34 
35 
37 
38 
39 
41 
42 
44 
46 
47 
18 
50 
54 
57 
63 
64 
€a 
67 
69 

Sept 15, 

KlliG(m) ESTG(m) 

4908516.60 
4 9 0 m a 1  

4908951 m 

a i m 4  m 
491 241 3.81 
m m m  
49o9998.m 

4910559 m 
4909245.60 
49o9862m 

4913644.80 
4912009 20 

4913681.40 

49105B720 

4909x480 
4909423 20 
4907282.40 

4907334 40 
mmm 

6737928 
67491 0 

673576.8 
6730868 

~ 673119 6 
6752046 
6T7368.8 
676298.4 
674704 2 
673103.4 

6782784 
67942020 
6779568 
676664.4 
6752784 
67nBo.6 
676713 6 
677240 40 

m i 5  a 

aum.m mKa- 
441609040 
4905349 80 
4907161 20 

4906873.40 
B r n  

4906671 m 
4903962.60 
a9085io.m 

4905645 00 

4 9 i m . m  

4904I345 40 
4909115.40 

4913574.20 
49m3620 

67E625.8 
677855.4 
678975.6 

674547 
673174.2 
676216.6 
m 1 . 2  

673272 
674748.60 
6781 10 40 
674728 80 
67729260 
674658.00 
674718.60 
676300.80 

-_I __ 

6761o2a 

2003(QuickbirdlFulI Scene) Pan band 

GPS N (m) GPS E (m) 

4908524.9900 
4907671 7370 
4913654.0740 
4912017 85u1 
49089t34a4aO 
491369l.6320 
49137U3 0860 
4912423.0581 
491 1 104 7910 
491aXn.lJ720 
4910596 8770 
4910568 35J1 
49092536320 
4909671 1460 
4909273 330 
-31 6850 
4907291 .= 
49078aUrm 
4907392.WI - 5!!!!!- 
4!m7-B lmo' 
4903140.2630: 

4904100 im 
4905358 8760 

49034673170 678538.8920 
4934823.- 677871.6910 

44371897490 
49084052040 
49089839870 
490868[3m 
4 m 7 3 . m  
493521.615 
4904055 15 
49O9123 8 

4SS650.771 
4913683.126 
4909944.201 
4912541.925 

6789878510 
6745BJ5400 

676230 ZOSO 
6780456440 
676.117 6820 
673284.8980 
674762 496 
678123 496 

67/33 612 
674672.483 
674732 326 
676314.992 

m i m  1460 

674742 003 

673806.6370 
674923 58ul 
613587.6600 
673JKl8410 
Ei73133 7880 
675210.4980 
677363 1140 
676312.2620 
674719 1890 
6731183450 
F163296540 
678293 WE0 
6794345430 
677971 2400 
6766783330 
675292 6180 
6157947790 
67672708w 
m[l5#) 
675421 1710 
673846arn 
675175.2703 

OW Id 

83500 
8 9370 
9 2740 
8 mo 
60gM 
92320 
846m 
94Ei60 
8 7910 
8 4220 
9 6770 
8 7530 
8rmO 
85460 
85600 
84850 
9 1650 
9 4070 

8 7410 
9smO 
98630 
8 7170 
83200 
9 7270 
90760 
85(90 
9 2040 

10 5870 

10 Moo 
11 6150 
9 7500 
8 W  
5 7710 
69260 
8 0010 
83250 

a m  

am 

8.9393 
0.9383 

0 3  

69.7225' 
79.wrn' 
86.0071 ' 

65.4m' 
85.2293' 

m . 4 1 ~ '  

m.93I1' 
93.6443' 

73.0341 ' 

83.m. 

74.8917' 

71.6732 ' 

77.2817' 

76.6150' 
64.5133' 

73.2736' 
71.9952' 

88.4916' 

76.1051 
7 3 . m ;  

98.06!34' 
97.2788' 
75.9861 ' 
69.2224' 
94.6145' 

73.m 
84.7136' 

82.3738; 

112.0846' 
75.7422' 

112.9969' 
134.!?U32' 
95.0625' 
70.5600 ' 
3.3044' 
79.6735' 
M.016U' 
69.3056' 

8.9871 

DE @I 

14.0370 
13 5840 
10 8500 
14 115ao 
14 lee0 
13.8980 
143140 
13 9620 
14 9890 
14.9450 
13 8540 
15 5080 
14 3430 
14 4400 
13.9330 
142180 
14.1790 
13 16m 
14 6BJ 
13 1710 
13 R B I  
10.8780 
12 WiQ 
16.4910 
12 2Ro 
13 5400 
13 94Kl 
13 6050 
14.4440 
14 88;lo 
12 6980 
13 8980 
13 0960 
13 2or) 
9 0120 

14 485) 
13 7260 
14 1920 

13.7277 
1 .a33 

DE2 ERROR (m) 

197.M74 
184 5251 
117.7225 
197 5149 
201 2993 
153.1544 
2046906 
194.9374 
224 6701 
223.3530 
191 9333 
240 4981 
205 7216 
208 5136 
194.1285 
202 1515 
201.0440 
181 1716 
214 7983 
1 73 4752 
191 a689 
118.3309 
166 2 3 7  
271 9531 

183 3316 
194 4909 
185 0960 
208.6291 
221 4739 
161 2392 

171 5052 
~~ 1743152 

81 2161 
209 7573 
180 4031 
201.4129 

1a23.(0_- 

_ _ ~  ____ _ _  

K%E!-- - 

16.3328 
16 2KJ2 
14 2734 
16 937 
16 3334 
16 6849 
16 6XL? 
16.8628 
17 9 
17 1547 
16 8990 
17 8077 
1 6 . e  
16 T194 
16.3524 
1 6 w 4  
1 6 . W  
16 4214 
16 9853 
15 
170099 
14.6837 
15 -4 
18 4709 
15 6476 
16 3005 

16.4259 
17.9085 
17 2Sm 
16.5601 
18 1110 
1 6 . W  
156486 

170127 
158877 
16.4535 

16.- 

i o  m i 4  

164120 
12549 

13.7883 16.45% 

2.6974 

38 



Tim 
POINT 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
20 
23 
24 
25 
ai 
29 
30 
31 
34 
35 
37 
38 
39 
41 
42 
44 
46 
47 
48 
50 
54 
57 
63 
E4 
65 
67 
89 

Sept 15, 2003(Quickbird-Full Scene) Multispectral bands 
WnrG(m) ESTG(m1 GPSN(m) GPSE(m) D N h )  D e  DE(m) DE2 ERROR(m) 

4906518 40 
4907664 m 
4913644.80 
4912010 40 
4caB50.40 
4913683.20 
4913895 a0 
w ~ u 3  60 
mimm 
49w999.20 
4910589.60 
4910560.80 
49Q9245.m 
4909863.20 
49a9a64 80 

49072B2.40 
4907559.20 
4907383.20 
4906324.80 

49m42560 

49o5748m 
49mnO.a 
49054%x- 
49o4090.40 
4904815.20 

4m35040 
4907162.40 
490839840 
4906975.20 
4906670.40, 
4903963.a 
4909511.20 
4904047.20 

r1905648 M. 
4913676 m 
49a9936.a 
4912533 60 

m i i 6 r n :  

MEAN ERROR [m) 
m. DEU 

RMSE (m] 

6737904 49085249500 673806.8370 
674908.8 49ofml 7370 674923.5840 

673572 49135540740 673587.6500 
673065.6 4912017 8540 673080.8540 
6731 18.4 4908959.0920 673133.7880 

675204 491389063iU 675218.4960 
677368.8 49137030680 6773831140 
676299 4 4912423 a580 676312.3620 
674704.8 4911 t04 7910 674719.1890 
673101.6 4 9 l ~ . ~  673118.3450 
676315.2 491LE&8Tm 676329.6540 
670270.4 49lM68.353l 67%293.#)Bo 

679420.80 49Q3253.63210 679434.5430 
6779568 4909671 1460 677971.2400 
676663.2 49092733333 676678.3330 

675276 4909431 6B50 67532.6180 
675780 4907291.5660 675794.7790 

677239.20 44373929B50 677255.0560 
675408 443Mp.5410 675421.1710 

673833.6 4905758.1030 673846.8300 
__ 675163.2 4903740 2630 675175.2780 
676526.4 4903467.3170, 616538.6920 

676711.2 4907607 mm 67~27.0600 

677856- 49048Lo.m 677871.8910 
6 7 ~ ~ 4 . 4  4904im.im 618987.13570 
674546.4 493535B.8780 674560.5400 
673173.6 4907169 7490 673106.1460 

678216 49084052040 67823.2050 
678031.2 -9870 678045.M 
676ao1.6 490668Q.XW 676417.6820 

67327243B@3 6732%4@80_ 
674748.00 49I38621.615 674762.496 
678110.40 4904055.15 678123.496 
674726.40 4909123 8 674742 003 
67729200 4XSB377l 677%1612 
674656 80 4913683 126 674672 483 
674721.60 4909944.201 674732.326 
676300.80 4912541 525 676314.992 

6 . m  
7.7370 
9.2740 
7.4540 
8.6920 
7.4320 
7.8660 
9.4560 
8.7910 
7.8220 
7.2770 
7.5530 
8.0320 
7.9460 
8.9600 
6.0650 
9.1650 
8.2070 
9.7850 
5.7410 
9 . W  
9.8630 
8.1170 
5.3200 
9.7270 
8.4760 
7.3490 
6.8040 
8.7870 
9.9030 

10.41 50 
7.9500 

lo.@ 

7 ! w _  
2.7710, 
7.1260 
7.4010 
8.3250 

4 2 9 ~ 5 '  164310 2701750 
598612' 147840 2185667 
860071' 156500 244.9225 
55.5621' 152540 232.6845 
755509' 15.3880 236.7905 
55.2346' 14.4980 210.19P 
61 8740' 143140 2048906 
694159' 13930 1949374 
772817' 143890 20704% 
61.1837' 167450 2803950 
52.9547' 14.4540 208.9181 
570478' 155080 240.4981 
64.5230' 13.7430 188.8700 
631369' 144400 2085136 
732733' 151330 -moo77 

8399T2' 147790 218.4188 
67.330' 158600 251 5396 
95.7462' 158560 251.4127 
32.9591 ' 13 1710 173 4752 
865198' 132Jn  1750329 
9727EB' 120780 1458781 
6 5 W '  12.2920 151.0933 
2831124' 15.8910 2525239 
94.6145' 134570 181.0906 
71.8426' 14 14M3 199.9396 
54m' 14.5460 211.5861 
462944' 142(350 201 7820 
77211r  -144440 2086gI 
98.0694' 16.- 258.6301 

108.47Z' 144960 2 l O I w 3  
632025' 13.- 171.50&- 
608400'156030 2434536 

507799 156830 2459565 
54 77M7 10.72&_ -115.04z- 
69.3Q56T 14.1920 201.413- 

3 7 m '  166180 m i 5 7 9  

Lq-Ti3T-i 2_ssao- -iki.T% 

-- --7- 
7 6??! 9 S E  _Z-W- 

17.6940 
16.6862 
18.1 91 5 
16.9778 
17.6732 
16.291 9 
16 3329 
16 8628 
16.8619 
18.481 8 
16.1825 
17.24% 
15.9180 
16.4819 
17.332- 
17.6970 
17.3901 
17.8576 
18.6322 
14.3678 
16.1734 
15.5935 
14.7302 
16.7579 
16.8344 
16.4858 
16.2971 
15.7504 
16.90@* 

16.1 815 
17.8495 
15.3202 
17.4440 

-_ 10.0034 

--. 13.0316 
. -  16.4535 

18.€t%Eg 

- .- -_ 

17.2260 

8.0235 14.4067 16.5503 
1 A91 4 153% 1.5991 

8 1573 14 4866 16.6254 
90% CIRCULAR ERROR 3.5908 

39 



OCT 21, 2003(Quickbird) Pan band 
Cory 

POINT 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
20 
23 
24 
29 
J3 
31 
34 
35 
37 
38 
39 
41 
42 
44 
47 
48 
50 
54 
57 
63 
64 
65 
67 
69 

KMG(m) E!iTG(m) 

4908517 80 
4-3 40 
4913647 20 
49lM10 40 
4908951 00 
491332 m 
4913896 40 
4912413 60 
4911096 a, 

491@588 40 
4910559 a, 

490986320 

443759980 

49m23m 
4905749 40 
-32 20 
493346040 
490481 1.60 

49o9999m 

4909245 m 

490728360 

490;r385m 

4904092.20 
4 m i  m 
4907163 m 

4906672 m 
4935975.20 

490396620 
4906511 20 
4904048.40 
49091 15 40 
4909649 20 

490993620 
4913676 m 

491x33 m 

YEM ERROR (m) 
STD. DEV 

RYSE (m] 

90% CIRCULAR ERROR 

673797 
674914.2 

673581 
673071 6 
673123.8 
675211 8 
677374 8 
6763a3.8 
674710.8 

6763106 
678283.2 

679425 00 
677961 6 
675785.4 
676717.2 
677244 6 
675411 6 

673636.60 
675165 

676538 81 
677860.81 
676978.6' 
674551 8 
6731784 
6 m . 4  I 

676run: 
6EIZ'4 4 '  
674753 4 __ 
678109.2 
6747?2 4 

677296 80 
67m.60 
674724 60 
676306 20 

6x1108 e 

GPS N (m) 

4908524.9500 
4907671.7370 
4913654.0740 
491 2017.8540 
4 ~ . 0 9 2 0  
4913680.632!J 
4913m3.0660 
4912423.0560 
4911 104.79101 
491ooo7.0220 
49105s.8770 
4910568.35% 
4!3092!3 6320 
4909671.1460 
4907291 . S O  
4907607.4070 
4907392.9850 
4906330.5410 
4905758.1030 
m 7 4 0 . m  
49m467.3170l 
4 9 0 4 a a O . ~ ~  
4904im.i2701 
4905358.8760 
4907169.7490' 
m-@.9e7zii 
1906880.J1301 
4903973.2300' 
4908521.6150 . . ___. 
4904055.1500 
4909123.8000 
4905650 771 
4913663.126 
4909944 201 
4912541 925 

GPS E (m) 

673806.8370 
674923.5W 
673s87.m 
673080 8540 
6731 33.7880 
675216 4980 
677333 1140 
676312.3620 
674719.1890 
673118.3490 
6763296540 
678293.9080 
679434 5433 
677971 24Ol 
675794.7790 
676727.0600 
677255.0560 
675421 1710 
673846.8300 
6751752780 
67b538.m 
677871.6910 
Sm%70 
67456o.w 
673188.1480 
678045.6440 
676417 6820 
67Jd84.698) 
674762.4980 

674742 DOJ) 
677331.612 
674672.483 
67473 326 
676314.992 

~- 

678123.4960 

DN bl 

7.15w 
8.3370 
6.8740 
7.4540 
8.0920 
8.630 
6.8880 
9 . W  
8.1910 
7.2220 
8.4770 
8.7530 
8 . m  
7.9460 
7.5650 
7.6070 
79850 
7.5410 
8.M30 
8.0630 
6.91 70 
8 . m  
7.9270 

6.7490 
8,7870 
7 . m  
7.[3300 

10~4150 
6.7500 
8.4ooo 
1 .nro 
7.1260 

8.9250 

7.278~ 

8.mio 

7.7727 
1.3723 

51 1225' 

47 2519' 
895056' 

555621' 
654805' 

44 4356' 
745114' 

89 41s' 
67 0925' 
52 1573' 
71 8995' 
76 6150' 
745114' 

63.4412' 
63 1389' 

57B664' 
637602' 
568667' 
75 7422 ' 
E6 0120' 

795664' 
628373' 
529402' 
45 5490' 

562950' 
49 4m' 

455625' 
705600' 
2 4680' 

50 7799' 
64 0160' 

47 8449' 

772114' 

10s 4722' 

79 6556' 

70095 

9.8370 
9.3840 
6 . W  
9.2540 
9.9880 
6.8980 
8 3140 
8.5620 
8.3890 
9.5450 
9.0540 

l o . m  
9.5430 
9.6400 
9.3790 
9.8600 

10.4560 
9.nro 

10.2300 
10.2780 
9 . W  

11.0910 
9.2570 
8.7400 
9.7460 

10.2440 
10.6820 
10.2980 
9 m 0 ,  

14.2960 
9.6030 
4.8120 

7.7260 
8.7920 

7.8830, 

9.3571 
1535 

Dt? ERROR(@ 

96.7866 12.1610 
E3.m 12.5525 
44.2225 9 5642 
85.6335 11.8827 
99.7601 12.%46 
44.8632 109259 
89.1226 l o w  
73.3070 12.7563 
70.3753 11.7247 
91.1070 11.9893 
81.9749 L2-m 

114.8613 . 138303 
9 1 . m  12.8678 
5x2 9296- 122!!!z? 
87.9656 12.3017 
97.2196 12.4534 

109.3279 131563 

104.6629 13.4311 
105.6373 13C633 
97.EK17 1207C6 

123.0103 14.2329 
65.6920 12.1873 
76.3376 11 3722 

_. 94.!B45L 11.8547 
1@.9395,_ 13.4963 
114.1051, 13 m- 
106.0488, 124687 

___ __ 81.7372 ___*_ _ _  13.8279 

922176 1 2 7 W  

-.___ 62.1417 10.6266 
59.6811 11 1 ~ 4  
77.2993 12.5282 

91.6040 121849 

204.3756, 1 5 . m  

23.1553 . -. . 5 m  ____ 

12.2202 
16872 

9.4792 12.3328 

3 4532 

40 



Qw 
POINT 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
20 
23 
24 
23 
30 
31 
34 
35 
37 
38 
39 
41 
42 
44 
47 
48 
50 
54 
57 
63 
64 
65 
67 
68 

OCT 21, 2003(Quickbird) Multispectral bands 
NTHG @I) ESTG (m) GPS N (m) GPS E @I) 

4908518.4 

491 3647.20 
4912010.40 

4907~4.m 

49o89Q.m 
4 9 i m . m  

ai 2416.00 
ai 1 m . m  
4~1oooi.m 
4910592.m 

4xwm.m 

4913695.m 

4910561.60 
4909242.30 

4907284.80 
4901599.20 
4907385.60 
4906327 a0 
m749.23 

49a3450.85 
4904012.20 
4904[191.90 
4SOS351.30 
4907162.4 
4906975al 
4906672.813 
4903965.3 
4903515.80 
4900047.3J 
49O9118 a0 

4913676.10 
4m937.20 
4912536.m 

6903733.49 

m 

MEAN ERROR (m) 
STD. DEV 

RUSE (m) 
90% CIRCULAR ERROR 

673795.2 4908524.9500 6738068370 
674913.6 4907671.7370< 674923 5840 
673581.6 4913654.0740 67387.6500 
673070.4 4912017.8540 673080.6540 
673123.2 d!XES9.t19201 673133.7880 
675211.2 4913690.6320: 675218 4980 
677373.6 4913703.0660, 677363.1140 
676305.6 4912423.0560; 676312.3620 
674707.2 4911104.7910' 674719 1890 
673108.8 491oo07.022L~ 673118 3460 

67MM 4910596.8770 6763296540 
678284.2 4910568.3530 678293.9080 
679425.20 4909253.6320 679434.5430 
6779626 4WE711460 677971 2400 
675782.1 49072915650 6757947790 

676716 4907607.4070 676727.0601) 
677243.5 49073!32.9850 677256.058) 
675413.1 4906330.5410, 675421.1710 

673937.17 4905758.1030/ 673846.8300 
_- 675163.1 4903740.1630\ 675175.2780 
676527.6 4903467.31701 676538.692U 
6T1860.8 4904KD.5La31 677871.8910 

674551.65 49053B.87601 674560.51100 
673177.95 4907169.7490 673188.1460 

678036 4906983.9870 6780456440 
676406.2 4906680.3030 676417.6820 
673274.4 4903973.2300 673284.6980 

678112.8 4904055.1500 678123 4960 
674731.2 4909123.8oOo 674742 l3l30 

67729680 490WJl9i3 677331612 

674721.60 4909944.22 671732.326 
67E31040 4912541 8 676314992 

m x  49041m.1270~ 6788878510 

w4752.e 4908521.6150 674m.4960 

674664.~1 49 im.23  6 7 m . m  

DN (nr) 

65500 
7 7370 
6.8740 
7.4640 
62920 
50120 
78660 
7.0560 
E 7910 
5 4m 
48770 
6 7530 

11.3320 
75460 
6 r n  
8.20713 
7.3850 
3 3410 
88730 
6.7730 
84670 
E- 
82270 
7.5760 
7.3490 
87870 
75L3J3 
7.9300 
5.8150 
78900 
58000 
295u3 
7 .1m 
7 . m  
5 7800 

De DE(m) 0 3  ERROR(m) 

42 9U25' 
59 8612' 
47 2519' 
55.5621 ' 
35893' 
25 3210' 
61 8740' 
49.7871 ' 
77 2817' 
i93981' 
237861' 
45m' 

56 9421 ' 
457fi52' 
67.3548 ' 
54.5362' 
11 1623' 
787331' 
45.8735 ' 
71.6901 
69 2224' 
67 ES3.3' 
57.3958' 
54 m7e' 

!%2950' 
628849* 

128.4142' 

77 2114* 

33.81%-' 
61 6225v 
31 36a3' 
87025' 
so.a369' #.a' 
334084' 

11 .am 
9.9840 
6.0500 

10.4540 
10.5880 
7.2980 
9.5140 
6.7620 

11.9890 
9.5450 
9 6540 
9.7m- 
9.343 
8 m m  

12.6790 
11.QEm 
11.5560 
8.0710 

135.4198 13 3537 
996803 12 6310 
36.6025 9.1572 

12 8393 109.x61 
112 1m 12 3165 
53 a608 8 8646 
90 51Q+ 12 3446 
45.7246- 9.7730 

14.8667 143 7361 
91 1070 10 9775 
93 1997 10 8IjU 
94 2453 1 1 . p  
87.2916 14.6889 
74 64% 11 4713 

160 7 m _ _  14 
I22 m6 13.7724 
133.5411 13.7142 
65 1410 8 7352 

9.66011 9331-33. 13 1166 
12.1780 im.3037 13.9347 
11.0920 123.0325 13.- 
11.0910 1230103 13 8648 
10.6070 1125084. 13.42% 
8-89E!_. 790321- 11.68[12 

lO.lss0 103.9584. 1 2 . s  

9 . w -  . 94.!24-- 1 1 . m  

4.8120 231553- 5 6443 

9.6440 93.m67 13.0468 
11.4820. 131.E63! 13.7161 
lE%!! los._ol& 12.9974 

10.6960 1144044 13.26% 
108030 1167048 12.1682 

8.4830 71 9613 11.0814 
10.7260 115.0471 12.6190 
4.5920 21 ClWi 7 3821 

7.0637 9.6994 120711 
1.5909 1.9273 2.1111 

7.2357 9.8836 12.2491 
4.1859 
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Rari 
POINr 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
20 
23 
24 
29 
30 
31 
34 
35 
37 
38 
39 
41 
42 
44 
47 
48 
50 
54 
57 
63 
64 
65 
67 
69 

Nl-HG (m) 

4908516.60 
490766343 
4913646.10 
4912010.64 

4913682.3 

491 2413.90 
4911096.20 
4909999.70 
4910587.60 
4910561 25 
4909246.20 
4909663 44 
4907233.15 
4907999.02 

4906322.58 
-749.16 
4911373340 
4933459.E6 
4904812.m 
49041391 .a 
4905351.30 
4937162.40 
4906973.85 
a906672.35 
4903964.40 
490851 1.50 
4904046.40 
49091 15.40 
4905642.60 
4913675.20 

4912533.40 

490895o.m 

4 9 i m m ~  

4907385.m 

49o9936.m 

YEAW ERROR (m) 
STD. D N  

RUSE (m) 

90% CIRCULAR ERROR 

OCT 21, 2OO3(Qu ickbi rd) Pan band 
ESTG (m) GPS N (m) GPS E (m) 

673798 2 
674914 13 
673576 2 
673073 4 
673124 4 
675212 4 

677374 €5 
6763395 
674710 1 
6731 D9.1 

676321 
67828395 
679425.12 
677961 84 
675784 $3 
676717 86 
677244 a, 
675411 78 
673837 32 
675162 6 
676527 6 
6778608 

678917 25 
674551 6!j 
673177 95 
67803563 
676407 15 
673275 3 

674752 93 

674732 40 

674664.40 
674723 80 
676304 60 

mi11 Bo 

mi a 

49085249500 
4907671 7370 
491354 0740 
4912017.6540 
4908959.0920 
4913690.6320 
4913703.0660 
491 2423.[1560 
491 1104.7910 
4910007.0220 
4910596.8770 
4910568.3530 
4439253.6320 
49a96711460 
4907291 5650 
49076074070 
4907392.9650 
4x6330 5410 
4905758 rm 
4903740 26J) 
4903467 3170 
490482052al 
m 1 m  1270 
49053588760 
4907169 7490 
49069839870 
4906680323 
49[139732300 
4908521 615 
4904055.15 
4909123.8 

11905650.771 
4913683.126 
a909944 201 
4912541.925 

6738068370 
674923 5840 
673587 6500 
6733808540 
673133 7880 
675218 4980 
677383 1140 
676312 36;Eo 
674719 1890 
6731 18.3450 
676329 6540 
678239080 
679434 5430 
677971 2400 
6757'94 7790 
6767270600 
677256 0580 
675421 1710 
673346 8 J n  

6-6920 
677871 8910 
6789878570 
674580 5400 
673188 l46U 
678345 6440 
676417 68ao 
673284 6980 
674762 496 
678123 4% 
674742 @3 
67731 612 
674672 483 
674732 326 
676314 992 

675175 271x1 

DN (ml 

83900 
8.3070 
7 9740 
7.2140 
8.2920 
8 . m o  
7 . m  
9.1560 
8.5910 
7.3220 
9.2770 
7.1030 
7.4320 
7 7060 
8 4150 
83870 
79850 
7 9610 
89430 
68630 
76670 
e 3200 
8 2270 
7 5760 
7 3490 

10 1370 
7 m  
B 8x33 

10.1150 
8.7500 
8.4ooo 
8.1710 
7.9260 
8 2010 
8 5250 

8 r n  
0 7540 

& DE(m) 

69 7225' 8.6370 
69 M62 ' 9.4540 

52.0418' 7.4540 

69.4222' 6 . W  
52.7948' 8.4640 
838323' 8.4120 

53.6117' 9.2450 

635847' 11.4500 

68.7573' 9.3883 

73.8053' 9.0843 

861337' 8 . m  
504526' 9.9580 
55.2346' 9.4230 
593824' 9 . m  

637@j 10.4560 

799772' 9.5im 

587829' 110920 

708122' 9.8990 
703418' 9.2[300- 

63 3775' 9.310 

471033' 126780 

69 2224' 11.0910 
678835' 108070 
573958' 8.8900 
540078' 10.1960 

102 7 m p  10.0140 

77 9339' 9.3980 
632502' 10.5320 

102.3132' 9.9980 
76.5M5' 11.6960 
70.5600' 9.6030 
66.7652' 10.6120 
628215' 8.08x) 
67.2564' 8.5260 
72.6756' 10.%!!3 

96282 
1.2486 

8.2343 

DP ERROR(m) 

745978 120133 

131 1025 139530 
55.5621 10.3732 
88.1345 12.5256 
37.1056 10.3251 
71.6393 11.1550 
70.7617 124336 
82.6099 1 2 . 5  
85.4700 11.7933 
74.8917 12.6868 
99.1618 12.2317 
Se.7929 12.0011 
$33600 121549 
9799132 129924- 
8 4 W  124492 

1 0 9 ~ 9  i 3 i q -  
mi= 123113 

igm 13413x1 

1125084 134236 

i m m  142492 

m m i  125851 

904401 130544 
l g 7 3 1 7  144164 

1230103 138648 

7 9 m 1  116802 
1039584 12.5685 

1109230 131975 
883224 128954 
99 9200 14.2209 

1367964 14.6068 
92.2176 12.7584 

112.6145 13.3933 
65.3349 11.3206 
726927 11.8300 

1079937 13.4413 

12 6872 
1.0420 

97086 127207 

2.4432 
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Rsvi 
POIKT 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
20 
23 
24 
29 
3 
31 
34 
35 
37 
38 
39 
41 
42 
44 
47 
48 
50 
54 
n 
63 
64 
€ti 
67 
69 

OCT 21, 
M H G  (m) ESTG (m) 

2003(Quickbird) Multispectral bands 

4908518 18 
4907664 22 
4913646 92 
4912010 40 
4!m%340 
4913683 20 
4913695.37 
4912414.a5 
491 1097 20 
491om3 16 
4910566.32 
4910583.56 
490924656 
45WEE2.96 
4907263 60 
4907600 06 
490738543 
4906324.97 

673797 6 
674913 82 
673575.95 
673072 67 
673123.8 

67521 0 
677375.1 4 
676308.6 

674710 56 
673106 16 
676320.48 
678284.16- 
679425 36 
67796256 
675784 56 
676717 3 7  
677244.34- 
675412 63 

GPS N (m) GPS E (m) DN (m) 

4WRi2495w 673806.8370 
49376717370 6749235840 
4913654.0740 673587.6500 
4912017.6540 67XKW540 
490895909M 673133 7880 
4913690.6320 675218 4980 
4913703.0660 677363.1140 
491U23.@!i6Q 676312.- 
4911104 7910 674719 1890 
491mo7.OzLO 673118 3450 

499105683530 678293.9080 
49092536320 679434- 
4909671.1460 677971.2400 
4907291.5650 67894.7190 

491 ~ = . e 7 7 o _ _ s -  

- - 4907607 4rii-d- iwn m- 
4907392w677255 0560 
4906330.5410 675421.1710 

6 7700 
7 5170 
7.1540 
7 4540 
5 6920 
7 4320 
7.6960 
9 . W  
7.5910 
6 8620 
J1.5570 
7 . 7 m  
7 0720 
8.1860 
7.9650 
7 3470 
7 5550 
5.5710 

eisi m 
4907162 98 
4906974.83 
49c6672.3- 
4903966.04 
11908512.40 
4904047.ao 
49O9116 a- 
4913675 40 

4912534 a3 

4905ti4350 

4909936.3 

MEAN ERROR (m) 
STD. DEV 

RMSE (m) 
90% CIRCULAR ERROR 

674551 
673178 58 
678034.52 

6EQ74.4- 
674753.76 
6781 13.40 
674733 00- 
677291 40- 
674664.m 
674723.101 
67m 10 

676407 15 

aso535sem- 6745m5400 
4907113 7490 m im 1460 
- 4908983.98fO _______. 678045.6440 ~ 

49ossa].3mo ____ 676417.6820-- 
4903973nm 67mm 
11908521.615 674762.496 
4904055.15 678123.496 
493912% 6 7 4 7 4 2 ~ ~  

49E&%lvl* 677301 612- 
4913683.126 674672.483 
4909944.2a7- 674732.326 
4912541925 676314992 

7 2760 
7 1690 
9.1570 
7.9530 
7 1900 
9 2150 
74500 
7 2030 
7 2710 
7.7260 
8.0010 
7 7250 

8.19% 
3.9665 

D# DE(m) DI?  ERROR^^) 

458329' 
56.5053' 

55.5621 ' 
32.3989' 
55.2346' 
t39.ZL84' 
81.1083' 
n.6233' 
47.0870' 
933.732' 
6o.m' 
50.01 32 ' 
63.4412' 
53.9784' 
n.0780' 

€6.13586 ' 
4998860' 
45.1181 ' 
56.5504' 
72.M97' 
52.9402' 
51 3946' 
83.8506 ' 
63%Qv 
51 .mi' 
84.9162' 
63.2025' 

52 86747 
59.691 1 ' 
6Xoi60v 
99.6756' 

51.1797' 

67.01 06 ' 

31.0360' 

51 ,8400' 

9 2370 
9 7640 

11.7000 
8.1840 
99880 
84980 
7.9740 
3 . 7 m  
8.6290 

12 1850 
9.1740 
9.7480 
9 183O 
8.6800 

10.2190, 
9sSm 

i o  7180 
e 5410 
92900 
9 nm 

11 2920 
10.2910 
11.8570 

95680 
11.1240 

l o  2980 
8.7360 

1 o . m  

10 21a 
848J1 

7 8920 

9 so0 

- 10.632Ci- _---- 

9 m3O 

9.p6u- 
- _- 

9.5025 
1.4781 

853222 
95 3367 

136.8900 
66.9779 
99 7801 
72 2160 
63.5847 
14 1526 
74 4996 

148.4742 
84.1623 

84 3275 
75 3424 

104.4200 
93 Elk1 

114 €327 
72.9487 
86.341 
86 0813 

127 5093 
105.9047 
140.5884 

91 5084 

950235 

91 11116 

123.7434- 
E!sz!! __ 

101 .SA?. 

lo6 (31188 
76.3177 

81 0540 
1M 2849 

- 71 .@13 
85.1191 

. - - - __ -. 

62 3337 

11 4523 
12 3224 
13.7139 
11 t69 
11 4980 
11 26% 
11 .OB21 
9.7602 
1l.W 
13 9843 
31.9044 

11 rn 
11.9312 

12 1804 
13 1115 
10.1973 
12.3273 
11 6605 
13 1366 
12.7458 
14.6Q47 
11 99BD 
1 1 . m  
14.4Oi3j 
131975 

12.8918 

1 1 . m  

11.4740 
12.2121 
11 0435 

12.- 

1 2 . w -  

12-= 

1 2 . e  

12.5380 

12.7695 
3.4985 

9.0838 9 6135 13 2263 
7.0902 
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Tin 
POINT 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
20 
23 
24 
29 
J3 
31 
34 
35 
37 
38 

41 
42 
44 
47 
48 
50 
54 
57 
63 
64 
65 
67 
69 

i 39 

OCT 21, 2003(Quickbird) Panbands 

HTHG(m) ESTG(m) GPSN(m) GPSE(m) DM(m) De DE(m) DE2 ERROR(m) 

-17 20 
w m . m  
m i m x o  
4912010.40 
4908951 .ai 
49136E11.6U 
4913695 80 
4912413 60 
491 io96.m 
49o9999.m 

49o92ma 

4 9 0 7 2 9 3 ~  

4910588.40 
491056ll.20 

490966320 

4907599.20 
4 ~ . W  
4!3X323.W 
-49.40 

490345983 
4-13 40 

m m i  .m 

490.4091 .m 
4905351 .m 

4908974.83 

-rn 

49091 16.m 

4907161 .XI 

490667220 

4908514 20 
4904047.20 

4905649.20 
491 3674.80 
4909936.20 
4912534 20 

YEAN ERROR (m) 
STD. DEW 

RMSE [m) 

90% CIRCULAR ERROR 

673797 6 
674913.6 
673562.8 
673073.4 
673123.8 
67521 1.2 

677375 40 
676305 

674710.2 
673108 8 
676320.6 
676283.8 

679425 ai 
677961 6 
675704 8 
676717.2 

677244 
675411.6 

673836.60 
6751E5 6 
676527 6 
6778808 
678977.4 
674551.2 
673178.4 
678035.4 

676407 
673274.4 
674752.6 
6761 11.6 
674734.2 

677296.80 
6746646 

676311 ai 
674724 m 

49085249500 
4907671.7370 
491X64.0740 
4912017.8540 
4908959.0920 
491F.63Xl 
491 3703 0660 
491 24%0560 
4911104.7910 
491oM37.0220 
491 0596.8770 
4910568.3530 
4909253 6320 
49[396711460 
4 9 6 ~ 1 5 6 5 0  

4907392.9650 
~ 4S330.5410 

4905758.1030 
4903740 2630 

4904820 5200 
4904100.1270 
490533.8760 
4907169.7490 
4906983.9870 
4906680m 
490397323M 
4908521 6150 
4904055.1500 
4909123.8#30 
r1905690.771 
4 9 1 ~ . 1 2 6  
49c99944.201 
491 2541.925 

4907607 mo 

4903467 3170 

673806 8370 
674923 5840 
673567.6500 
673080.8540 
6731 33 7880 
675218.4980 
67733 1140 

674719.1890 
6731 16 3450 
676329.6540 
678293.9080 
679434 5430 
677971 2400 
675794 7790 
676727.0600 
677255.0560 
675421.171 0 
673846.8330 
6751 75 2780 
676538 69M 
677871 6910 
678987.8570 
674560.5400 
6731 6%. 1460 
678045.6440 
676417 6820 
673284 6980 
674762 4960 
6761 23 4960 
674742 0030 
677301.612 
674672.483 
674732.326 
676314.992 

676312 3620 

7.7500 
7.7370 
7.4740 
7.4540 
8.0920 
8.0320 
7 . m  

8.1910 
7 . m  

8.1530 
8.0320 
7.9460 
8.9650 
8.a370 
7.9850 
7.5410 
8 . m  
8.8630 
7.5170 
7.1200 
8.5270 

7.9490 
9.3870 
8.1030 
8.23[30 
7.4150 
7.9500 
7.8000 
1.5710 
8.3260 

77290 

9.4560 

8.47~1 

7.2760 

8.~110 

7.6241 
1.21 74 

8o.m' 9.2370 85.3~ 
5!3.8612' 9.9840 99.8103 
55.8607' 4.8500 23.5225 

65.4805' 9.9880 99.7831 
55.5621' 7.4540 55.5621 

64.5130' 7.2980 53.26138 
Q.7946' 7.7140 59.5058 
89.4159' 7.3620 54.1990 
67.0925" 8.9890 80.8021 
52.1573' 9.5450 91.1070 
71.8595' 9.0540 81.9749 
66.4714' 10.1WO 102.1717 
64.5130' 9.5430 91 0688 
63.1389' 9.6400 92.9296 
73.3932' 9.9790 99.5804 

63.m2' 11.0560 122.2351 
67.3546' 9.66UO 97.2196 

56.8667' 9.5710 91.6040 
75.7422' 10.2300 104.6529 
75.0476' 96780 93.6637 
%.5X3' 11.0920 123.0325 
90.6944' 11.0910 123.0103 
72.7097' 10.4570 109.3488 
52.9402' 9.3400 87.2356 

88.1158' 10.2440 104.9395 
E6.6536' 10.6820 114.1-@15~ 

54.9822' 9.6960 94.0124- 
63.2025' 11.8960 141.5148 

2.4880' 4.8120 23.1553- 
69.Jzn' 7.8830 62.1417- 
64.0160' 7.7260 59.6911 
59.6756' 3.9920 15.9361- 

63.1866' 9.7460 9 4 . w  

67.7329' 10.2980- l o E ; ~ _  

83.8400' 7 . m  60.8868 

9.0828 
1.8187 

7.9156 9.2580 

12.0576 
12.6310 
8.9097 

10.5415 
1 2 . w  
10.B524 
10.5972 
11 .%39 
12.161 2 
11.9693 
12.4030 
1 2 . w  
12.4732 
123927 
13.1507 
12.8287 
13.6380 
12.1849 
13.431 1 
12.9889 
13.3992 
13.1797 
13.4929 
11.8396 
12.5766 
13.8944 

13.1826 

14.3079 
1 1 . m  
5.0620 

11 .a58 
11.1224 
8.8956 

~____. 134076 

12,F- 
- __-~_ 

12.ffi72 
1.7547 

12.1806 

3 . w  
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Tlm 
POlWT 

1 
2 
4 
5 
6 
9 
10 
14 
15 
18 
19 
20 
23 
24 
29 
30 
31 
34 
35 
37 
33 
39 
41 
42 
44 
47 
48 
50 
54 
57 
63 
64 
65 
67 
6.9 

OCT 21, 2003(Quic k bi rd) Multispectral bands 
WHG (m) ESTG (m) GPS N (m) GPS E (m) DN (m) 

4908518 40 
4907666.40 
4913647.20 
4912010 40 
4908952.80 
4 9 1 m  20 
4913895.20 
4912416 00 
491 11398.40 
490999920 
4910589.60 
4910580.80 
m245.60 
490966320 
4907284.80 
4907599.20 
4907385 60 
4906327.20 
4905751 20 
490373280 
4903461 60 
4434817.60 
4904[34280 
4905352wl 
4907162 40 
4906975.20 
490667280 
4903El5.604 
4908516.00 
4904047.20 
49091 18.40 
490564800 
4313676.M1 
49L39936m 
4912536.00 

MEAN ERROR (m) 
Sm. DEV 

673797 6 
674911 2 
673581 6 
673070 4 
673123 2 
675211 2 

677376 
678032 
674709 6 

673104 
6 7 6 m  

6711283 2 
679423.20 
677961 6 
675782 4 

67671 6 
677244 

675412 8 

675165 6 
67E5264 
-4 
678976 8 
674548.8 

673176 
67803 

6764064 
673274 4 
674752 8 
6781128 
674731.2 
677233.80 

m m  

6 7 ~ ~ a . m  
w4ni .m 
676310.40 

49085249500 6738068370 

4913654 0740 673587 65130 
49120178540 fj730806540 
49089590920 673133.7880 
49136% 63;30 675218 4980 
4913703 OWl 677383 1140 
49124230580 6763123623 
4911104 7910 674719.1890 
4910007 022l 6731 18 34FB 
49105968770 676329.6540 
49105683530 678293908D 
4909253 6320 679434.5430 

4907291 5650 678947790 
49076074070 6767270830 
49073929850 6772550980 
49063305410 675421 1710 
49057581oJ3 673846m 
a 7 4 0  2630 675175.2780 

490A820.52m 6778718910 
&041001270 6789878570 
4905358878) 67458D54M 
a907169 7490 673188 la 
49069639870 6780456440 
49066803030 6764176820 
4903973.2300 67384.6980 
4908521.6190 674762 498) 
490405515m 6781234960 
49091 2 3 . W  674742 01330 
4905680 771 67731 612 
4913683.126 674672.403 
4909944201 674732J26 
4912541 525 676314.992 

m 6 7 i  7370 6749235840 

49[196711460 6nvi2400 

~ a w 7 3 1 7 0  mxam 

- 

6.5500 
5.3370 
6.8740 
7.4540 
6.2920 
7.4320 
7 . m  
7.0580 
6.3910 
7.8220 
7 . m  
7.5530 
8 . m  
7.9460 
6.7660 
8.2070 
7.3850 
3.3410 
6.9030 
7 . m  
5.7170 
2.9200 
7.3270 
6.0760 
7 . m  
8.7870 
7 . m  
7.6300 
5.6150 
7.9900 
5.4000 
2.7710 
7.1260 
7.4010 
5.9250 

6.7269 
1.4194 

429025' 
28.4836' 
47.2519' 
55 5621 ' 
39.5893' 
55 2346 ' 
61 8740' 
49 ?E71 ' 
40.8449' 
61.1837 ' 
52.9547' 
57 0478' 
64.5130' 
63 1389' 
45.7652 ' 
67.3548' 
54 5382' 
11 1623' 
47 1334' 

32 8641 ' 
8.5264' 

36 9178' 

77.21 14' 

55.6964' 

53 6849' 

54 m78' 

562950' 
58.2169r 
31 5282' 
632025' 
29.16OOr 
7 6784' 
50.7799' 
54 7748' 
35.1056' 

6 8709 

9 2370 
12 3840 
6.0500 

10 4540 
10.5880 
7 2980 
7 1140 
9 1620 
9.5890 

14 3450 
9.6540 

10 7060 
11.3430 
9 6400 

12.3790 
l l . m  
11 0980 
8.3710 

10 8300 
9.6780 

12 2920 
13 4910 
11 0570 
11.7403 
12 1480 
9 6440 

11 .m& 
10.2980 
9.6960 

10 6960 
1 0 . ~ -  
4 81B 
8.4830- 

10 7260 
4.5920> 

10.0771 
2 1676 

85.m 
153.3635 
36.8325 

1129.2861 
112.1057 
53.m 
5o.m 
f33.9422 
91.9489 
m.7790 
93.1997 

114.6613 
128.6EG 
92.9296 

153.2396 
122.3233 
122.2351 
70.07% 

117 '2889 
93.6637 

151 Q333 
182.0071 
122 2572 
137.8276 
147 5253 
93.0067 

106.0488 
94.0124- 

1 1 4 . W  
116.7048- 
23.1553 
_ _  71.9613- 
115.0471 

m.e-_  

21 gg6 
- 

10 3011 

11.3236 
13.4851 
9.1572 

12.8393 
12.31W 
10.4161 
1 o . m  
11.9641 
11.5236 

12.0884 
- 13.1038 
13.8988 
12.4927 
14.1a- 
13.7724 
13.29%- 
9.0131 

12.0423 
12213 
13.5566 
13.8034 
13.2643 
13.2191 
14.1962 
13.0468 
13.5491 

1 6 . E  

- - . ~ .  
12.e113 
1 1 . 3  
13.3269 
12G'J5 
5.5528 

11.0789 
13.0316 
7.4961 

12.2179 
2.0401 

12.3823 
4.3399 

45 


